The indirect immunodetection method is powerful in detecting antigens in situ, but to date mouse monoclonal antibodies (MAbs) could not be used in immunohistochemical studies of murine tissues without severe background staining. We report here a modifcation of this method in which mouse MAbs are used to detect murine antigens in a y d o n s . Before application to the Seaion, mouse MAbs and conjugated anti-mouse antiserum were allowed to complex in vitro. After blocking of the unbound m n d a r y antiserum with normal mouse serum, standard immunohistochemistry was performed. Fifty percent of a randomly chosen panel of over 40 mouse MAbs recognized their antigens in our model system. Adaptation of, for example, the
Introduction
Immunohistochemistry is one of the many techniques based on the indirect immunodetection method that is a powerful tool to detect antigens in situ. The indirect method is often preferred to the direct method, in which the primary antibody is conjugated, because secondary antisera can be used to detect a wide range of primary antibodies. Moreover, the immunological tree, used to detect the primary antibody, provides signal amplification.
One limitation of the indirect technique in immunohistochemistry is an increase in background staining, especially when parts of the immunological tree also recognize tissue components. Many different blocking procedures have been described to decrease nonspecific background binding, e.g., when mouse MAbs are used in rat tissue (1). Recently, Lewis Carl et al.
( 2 ) described a method using two different mouse MAbs to sequentially double-stain both actin and myosin in frozen sections of guinea pig skeletal muscle, blocking the sections between the two incubation steps with a nonbinding mouse MAb and unconjugated goat anti-mouse IgG F(ab) fragments. We describe here an immunohistochemical method to detect mouse antigens using mouse MAbs in which we circumvent unwanted binding of the anti-mouse antibodies to immunoglobulins in the section. The unlabeled primary antibodies are allowed to complex in vitro to a horseradish peroxidase (HRP)-conjugated rabbit anti-mouse antiserum, and subsequently the unbound rabbit antibodies are blocked with normal mouse serum. This antibody solution is applied to the sections in which the antigens can be recognized only by the MAb complex. The procedure described here is fast and reduces background staining efficiently. Since mice and rats are widely used as laboratory animals, this simple adaptation to the well-established indirect immunodetection method provides an enormous increase in the usefulness of MAbs.
Materials and Methods
Standardly fixed and embedded mouse embryonic tissue was used to demonstrate this procedure. Immunohistochemistry was performed with a random set of mouse MAbs available in our laboratory.
Tissue prrpantion. Female mice were caged overnight with males. The next morning the females showing a vaginal plug were selected and caged separately under standard CAHPA (ComitE Ad Hoc pour la Protection des Animaux) conditions. On the day of interest the mice were killed by cervical dislocation and the embryos were dissected free. In this case, embryos at the age of 15 days post conception (Day 0 is designated as the day of the vaginal plug) were collected and immersion-fiued in MAA (35% methanol, 35% acetone, 5% acetic acid, 25% H20.4'C) for 24 hr at 4'C. The adhering fixative was removed by rinsing for 60 min in several changes of PBS. followed by immersion (four times for 10 min) of the tissue in OCT Compound (Tissue-Tek; Miles, Elkhart, IN) at room temperature (RT). The embryos were embedded in fresh OCT Compound, frozen in isopentanol, chilled in liquid nitrogen, and stored at -2O'C. Six-km serial sections were cut transversely through the thoracic region of the embryo on a 2800 Frigocut-E cryostat (Leica; Nussloch, Germany), collected on Starfrost slides (Knittel; Glher. Germany), and stored at -2O'C.
Antibodies. Mouse MAbs directed against many different antigens from various species, were used in this study (see Table 1 ). Supernatants were usually diluted 1:10 in PBS, whereas ascites and purified antibodies were used in a 1:100-1:1000 dilution. Commercially obtained antibodies used in this study were: lBlO Immune Complex Formation. Each MAb was diluted in PBS to the optimal concentration as determined by immunohistochemical experiments in other species. HRP-conjugated rabbit anti-mouse antiserum (RAMPO; Dako) was diluted 1:200 in this solution. This concentration has proved to be optimal in our material. The primary and secondary antibodies were allowed to form immune complexes while being rocked overnight at 4°C. The next morning, heat-inactivated normal mouse serum (NMS) or purified non-immune mouse IgG (Sigma) was added to 0.1% (vlv) or 1 &ml, respectively. This mixture was rocked at 4°C until use ( 2 2 hr).
Incubation. Slides were post-fixed in ice-cold acetone for 10 min at -20°C and air-dried. Endogenous peroxidase was inactivated by incubation in 3% H202 in methanol for 30 min at RT. The slides were washed in PBS (three times for 5 min), incubated for 30 min in a backgroundreducing solution [150 mM NaCI, 10 mM Xis-HC1, 5 mM EDTA, 0.25% (w/v) gelatin, 0.05% (v/v) Tween-20, pH 8.01 at RT and washed again (three times for 5 min. PBS).
The sections were incubated with the antibody solution for a minimum of 4 hr at RT in a moist chamber, washed in PBS (three times for 10 min), and exposed for 10 min to 0.04% diaminobenzidine tetrahydrochloride in 50 mM Bis-maleic acid (pH 7.6) containing 2 mM NiC12 and 0.06% H202. After extensive washing in PBS to stop the staining reaction, the sections were lightly counterstained in methyl green (30 sec), dehydrated, and mounted in Entellan (Merck; Darmstadt, Germany).
The control sections were incubated overnight at RT in a moist chamber with the MAbs diluted in PBS. After washing in PBS (three times for 10 min), RAMPO (1:200 in PBS) was applied for 2 hr. The sections were washed, stained, and mounted as described above.
Controls. To determine background staining by binding of RAMPO to the embryonal immunoglobulins in the tissue, the sections were incubated with RAMPO (1:200 in PBS) without the MAb and without NMS or purified non-immune mouse IgG. NMS (0.1%) was applied to the RAMPO to reveal any nonspecific binding of antibodies or other proteins in the antiserum to the section. NMS could be replaced by 1 Lg/ml purified non-immune mouse IgG with the same results (not shown). In addition, RAMPO-NMS and RAMPO-(purified mouse IgG) immune complexes were checked for nonspecific background staining to the section of the mouse embryo.
Microscopy. Black-and-white images were obtained using Kodak Tech- 
Results
More than 40 mouse MAbs available in our laboratory and raised against various antigens from different species were tested in our model system. Fifty percent of the MAbs recognized their antigens in cryosections of MAA-fixed 15-day-old mouse embryos. A selection of commonly available antibodies, reflecting the results obtained with all antibodies, is listed in Table 1 . Staining of + /indicates that (a) other antibodies raised to the same antigen showed more staining (406-SE3 compared with D33) or (b) these antibodies stained more antigen in embryonic tissue of other species at similar stages of development (HHF35 and HNK-I) . The type of antigen cannot be associated with positive staining. Antibodies raised to rat antigens recognized the murine antigens more efficiently than antibodies raised to human or bird antigens, reflecting the close relationship, also in antigenic determinants, between rats and mice.
An immunostaining pattern of one of the tested antibodies, MAb clone D33 directed against the human intermediate filament protein desmin and a marker for smooth and striated muscle cells, used as an example for the approach, is shown in Figure 1 . The incubation procedure according to the classical two-step immunodetection method shows a specific desmin staining pattern with high background levels (Figure la) . This background staining is caused by binding of HRP-conjugated rabbit anti-mouse antibodies to native mouse immunoglobulins in the section, shown by incubation with RAMPO without the first antibody and NMS ( Figure Ib) . In sections incubated with an immune complex of the anti-desmin MAb and the HRP-conjugated RAM antiserum, only smooth and striated muscle cells are positively stained and no background staining can be observed ( Figure IC) . When the anti-desmin MAb is omitted, no tissue components are stained ( Figure Id) . This indicates that all unbound RAMPO in the complex-containing solution is efficiently blocked with NMS. Complexes of RAMPO with NMS showed a similar lack of background staining (not shown), indicating that the complex itself does not recognize tissue components. In all experiments, NMS could be replaced by 1 pg/ml non-immune mouse IgG without affecting the results.
Some MAbs showed a more intense staining with the classical two-step method compared with our method using immune complexes. When signal-to-noise ratios are compared, however, our method is definitely preferable.
Discussion
With our modified indirect immunodetection method it is possible to detect antigens with specific antibodies raised in the same species, without background staining of the secondary antiserum. Monoclonal antibodies can therefore be used for studies in the same species.
Of the various mouse MAbs tested in our model system, 50% recognized their antigens. Reduction in staining displayed by some of the antibodies, compared with studies in other species, was expected and was probably caused by a teduced expression level of the murine antigen or by failure of the antibody complex to recognize or to sufficiently penetrate the tissue. The accessibility of the tissue to the large immune complexes depends on tissue fixation. When strong cross-linking fixatives such as aldehydes are used, accessibility can be greatly reduced. We therefore used a mild, precipitating fixative, such as MAA, to retain the morphology of the tissue while minimizing the penetration problems of the immune complexes. Fixation protocols should be individually adapted to every MAb to optimize detection. Recognition of mouse antigens by mouse MAbs suggests that the immunized mice displayed an autoimmune reaction. H m r , antibodies are produced to many different epitopes of an antigen, including cryptic sites that cannot be recognized by the antibodies produced. On the other hand, it is likely that antigens of other species are more antigenic to mice as compared with murine antigens, resulting in MAbs with less affinity to their native murine antigens. We show, however, that many MAbs can indeed be used for immunohistochemical detection in a mouse model system, avoiding severe background staining.
The signal obtained with this fast one-step technique can be increased by amplification steps based on the peroxidase-antiperoxidase (PAP) (3) method or the alkaline phosphatase-antialkaline phosphatase (APAAP) (4) method. However, the longer incubation time will, as in the classic method in which the first antibody is incubated overnight, &ct the morphology of the tissue.
The method described can also be a powerful technique to detect many different antigens in one histological section, each with its own uniquely labeled MAbs. This is possible because the complex-forming reaction and the blocking step are performed per antibody in vitro. Different markers, such as fluorochromes or enzymes, can be used as label.
This modification of the traditional immunodetection method will extend the application of monoclonal and polyclonal antibodies, since it can be widely used in various techniques in which nonspecific binding ofthe conjugated antiserum can lead to background problems.
